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Objectives: Second-trimester spontaneous pregnancy losses are less common than first-trimester losses, and are
often associated with ascending infection and/or acute chorioamnionitis. A Medline search revealed only two
large studies published in the recent literature, reporting incidences of chorioamnionitis of 39.3% and 58.2%,
respectively. These studies did not address the use of histopathology for the identification of organisms. Since
ascending infection is likely to be a significant cause of second-trimester loss in the inner-city population at the
University Hospital in Newark, New Jersey, we sought to evaluate the usefulness of stains for micro-
organisms, which are rarely utilized on these specimens.
Methods: Retrospective review of the medical records and pathologic material for cases of spontaneous
abortions seen at the University Hospital in Newark between January 1999 and March 2001 was undertaken.
Stains for microorganisms were performed on archival placental tissue for cases with histologic acute
chorioamnionitis.
Results: A total of 67 cases were available for review, of which 38 cases (56.7%) showed histologic acute
chorioamnionitis, similar to the rates in one previous study, but significantly higher than those in the other
(p = 0.01). Of 25 cases with histological chorioamnionitis for which appropriate fetal material was available,
13 cases (52%) showed polymorphonuclear leukocytes (PMNs) in the fetal lungs, one case (4%) showed PMNs
in the fetal stomach, and seven cases (28%) showed PMNs in both the lung and the stomach. Of the 38 cases
with chorioamnionitis, Gram stains showed Gram-positive cocci in six cases, two of which were culture
positive for group B streptococcus. Warthin–Starry stains showed filamentous organisms consistent with
Fusobacterium sp. in the placenta in three cases.
Conclusions: Acutechorioamnionitisisassociatedwithsecond-trimesterpregnancylossatthisinner-cityhospital,
andmayberelatedtothehighincidenceofriskfactorsinthispopulation.Asmallproportionofcasescanbefurther
characterized by the inclusion of Gram and Warthin–Starry stains in the evaluation. Selection of cases with
histologic acute chorioamnionitis for further study with special stains may provide additional information on the
causative organism.
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spontaneously abort, with the majority of these
pregnancy losses occurring in the first trimester.
First-trimester spontaneous abortions are often
duetogeneticorchromosomalanomalies.Sponta-
neous losses in the second trimester are less
common and have been less well studied. How-
ever, it is known that many of them are associated
with an ascending infection and/or acute chorio-
amnionitis. Although chorioamnionitis was well
characterized in the older literature, a Medline
search revealed only two large studies in the recent
English-language literature evaluating clinical,
histological and microbiological aspects of
second-trimester pregnancy loss. Those studies
reported rates of chorioamnionitis of 39.3% and
58.2%, respectively1,2. The University Hospital
in Newark, New Jersey serves an inner-city
population, and therefore ascending infection
would probably be a common cause of second-
trimester abortion in this population. In this
study we sought to identify associated risk factors
and evaluate the utility of histological stains for
microorganisms, which are rarely used on these
specimens.
MATERIALS AND METHODS
A retrospective study was performed with Institu-
tional Review Board approval. Second-trimester
pregnancy losses between 13 and 21 weeks’
gestation occurring between January 1999 and
March 2001at the University Hospital were
identified from a computer search of pathology
records. Second-trimester losses at less than 20
weeks are evaluated as surgical specimens at our
institution, and all of them receive a gross and
microscopic pathology examination. All cases
were submitted as less than 20 weeks. However,
a rare case was better classified as 21weeks by
measurements, in the absence of a reliable last
menstrual period. A total of 67 medical records
were reviewed, and fetal and maternal factors
contributing to the loss were recorded, including
race, maternal age, gravidity, previous pregnancy
history, prenatal care, substance abuse, history of
sexually transmitted diseases (chlamydia, syphilis,
herpes, HIV, gonorrhea), presenting symptoms,
and results of genital bacterial cultures. Slides of
the placenta and of the fetus, where available,
were reviewed on each for standardization by
a single pathologist (DSH). Proportions are
presented with 95% confidence intervals based on
the binomial distribution. Fisher’s exact test was
used to compare the incidence of chorio-
amnionitis with rates in previously published
studies. In addition, stains for microorganisms
(Brown–Brenn, a Gram stain; Warthin–Starry, a
silver stain that can be used to identify spirochetes)
were performed on placental sections in cases with
histologicchorioamnionitisaswellasasamplingof
negative controls, consisting of second-trimester
placentas without chorioamnionitis. The Gomori
methenamine silver stain (GMS) for fungal
organisms was performed on a random subset
of cases, as it was anticipated that the yield would
be low.
RESULTS
The demographics are summarized in Table 1.
Cases of second-trimester spontaneous abortion
who were treated at our hospital during the study
period were the subjects of this study. The patients
most commonly presented to the Emergency
Room, and this was often the first time these
patients were seen. Of a total of 77 requested
charts, 67 charts were available for review. In
total, 64 patients (95.5%) were African–American,
corresponding to the population served by the
hospital. The mean maternal age was 26.6 years
Second-trimester pregnancy loss Heller et al.
118 • INFECTIOUS DISEASES IN OBSTETRICS AND GYNECOLOGY
African–American
Mean maternal age
Mean gestational age
Mean gravidity
Prior preterm labor
One or more previous spontaneous abortions
One or more elective terminations of pregnancy
Obtained prenatal care
Illicit narcotic use
Smoking
Alcohol consumption
Prior history of chlamydia
Prior history of gonorrhea
Positive genital cultures at delivery
95.5%
26.6
16 5/7
5
25%
40%
48%
54%
34%
48%
12%
12%
7.5%
21%
Table 1 Demographics of the study population(range 14–42 years). The mean gestational age at
the time of abortion was 16 5/7 weeks (range 13
weeks 4 days to 21weeks). The mean gravidity
was 5 (range 1–12), 25% of cases had a history of
previous preterm labor, 40% had a history of one
or more previous spontaneous abortions, and 48%
had had one or more previous elective termina-
tions of pregnancy. Only 54% of patients had
received prenatal care. Substance abuse was
common, as 34% of patients had a history of
illegal narcotic use. Smoking and alcohol abuse
were also common, with an incidence of 40%
(n = 32) and 12% (n = 8), respectively. In total,
12% (n = 8) had a history of chlamydia infection,
7.5% (n = 5) had a history of gonorrhea infection
and 1.5% (n = 1) had a history of herpes infec-
tion. None of the patients had a history of syphilis,
and there was only one confirmed case of
HIV positivity. The most common presenting
symptom was pain, and bleeding and vaginal dis-
charge of fluid were also frequent. Culture results
were available for 39 cases (58%). Overall, 21%
(n = 14) of the patients had positive genital
cultures at the time of delivery: 15% (n = 10) had
positive cultures for group B streptococcus, 3%
(n = 2) were positive for Neisseria gonorrheae, one
patient (1.5%) had a positive culture for organisms
consistent with bacterial vaginosis (Gardnerella sp.
with mixed flora), and one patient (1.5%) had
a culture that grew Staphylococcus aureus.
In total, 56.7% of the patients (38 cases) showed
histologic acute chorioamnionitis (95% CI,
44.0–68.8%), and 26% of the patients with
histologic acute chorioamnionitis had positive
genital cultures. Of the 38 cases of histologic
chorioamnionitis, 25 cases had histologically
evaluable fetal lung and stomach. Of these cases,
52% (n = 13) showed polymorphonuclear leuko-
cytes (PMNs) in fetal lungs, 4% (n = 1) showed
PMNs in fetal stomach, and 28% (n = 7) showed
PMNs in both lung and stomach (Figure 1). Gram
and Warthin–Starry stains for microorganisms
were performed on the 38 placentas with histo-
logicchorioamnionitisaswellasonninerandomly
selected placentas without chorioamnionitis,
which served as controls. The controls were all
negative for microorganisms, although one was
positive for group B streptococcus on genital
culture. Gram stains showed Gram-positive cocci
in 16% (n = 6) of the cases with acute chorio-
amnionitis, two of which were culture positive for
group B beta streptococcus (Figure 2). Warthin–
Starry stains showed filamentous organisms
consistent with Fusobacterium sp. in 8% (n =3 )
of cases, one of which was culture positive for
groupBstreptococcus(Figure3).GMSstainfailed
to identify any pathogenic organisms in the subset
of cases stained (n = 19), and was discontinued
due to lack of yield. A comparison of genital
cultures and histochemical stains is shown in
Table 2. Only four karyotypes were recorded, and
twowereassociatedwithchromosomalabnormal-
ities. In total, 33% (n = 22) of the patients had
retained placenta that required intervention, and
one patient required blood transfusion. Twelve
patients were febrile, with temperatures of up
to 102.8°F (39.33°C). However, as many of
these patients received prostaglandin therapy, no
interpretation of these findings was possible.
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Figure 1 Polymorphonuclear leukocytes (PMNs)
were seen in (a) fetal lungs and (b) stomach in some
casesDISCUSSION
Histological chorioamnionitis is common in
second-trimester pregnancy loss, and this is
particularly true of the inner-city population of
this study. In total, 56.7% (38 cases) showed
histologic acute chorioamnionitis (95% CI,
44.0–68.8%), similar to the 58.2% rate (32 of 55
cases; 95% CI, 44.1–71.4%) found by Rudbeck
and co-workers2, but significantly higher than the
39.3%rate(166of422cases;95%CI,34.7–44.2%)
reported by Gaillard and co-workers1 (p = 0.01).
It should be noted that the study population
of Rudbeck and co-workers2 was drawn from a
university hospital in Aarhus, Denmark, while the
series of Gaillard and co-workers1 was from a mix
of urban and rural French women, and thus
our population is probably more similar to that
of Rudbeck and co-workers. Both series included
second-trimester losses up to 27 weeks, which was
somewhat later than our maximum age of 21
weeks. In Gaillard’s series1, as in ours, the most
common single organism identified was group B
streptococcus. However, mycoplasma was also a
frequent isolate in their study. We found that per-
forming special stains for microorganisms, which
are often not undertaken in routine practice, was a
high-yield procedure, confirming and in some
cases providing the only information on the caus-
ative organism. This is particularly important in
view of the suggestion by Rudbeck and
co-workers2 of possible lack of value of routine
culturing. However, in that study, as in ours, cul-
tures for mycoplasma and Ureaplasma sp. were not
performed.Wewereinterestedinidentifyingcases
of Fusobacterium sp., a less well-known cause of
chorioamnionitis in term gestations, which was
also shown by Altshuler and Hyde in 1985 to be
associated with chorioamnionitis in prematurity3.
Additional staining uncovered three cases of
Fusobacterium sp. in our series, which were not
previously identified by routine staining.
Our population is predominantly African–
American, and these women bear a major burden
of pregnancy loss. According to New Jersey State
health statistics, infant mortality is three times
greater in African–Americans than in Caucasians.
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Positive
culture
Negative
culture
No culture
performed
Histochemical stain
positive
Histochemical stain
negative
4
6
3
12
2
11
Table 2 Comparison of histologic stains for micro-
organisms and genital culture results
Figure 2 (a) Gram stain of membranes in a case of
culture-confirmed beta streptococci showing Gram-pos-
itive cocci (Gram stain); (b) bacteria seen in fetal villous
vessels in the same case, consistent with fetal bacteremia
(Gram stain)
Figure 3 Organisms consistent with Fusobacterium sp.
seen in fetal membranes (Warthin–Starry stain)In 1998, the fetal mortality rate per 1000 (calcu-
lated for fetuses aged 20 weeks or older) for
African–American women was 13%, compared
with 5.6% for Caucasians. A risk factor for
second-trimester loss is bacterial vaginosis, which
is known to be more prevalent in African–
Americans than in Caucasians4. We attempted to
evaluate the role of bacterial vaginosis in our study
by reviewing a recent pap smear for the presence
of clue cells. However, as many of the patients
were seen for the first time in our Emergency
Room when they presented with a spontaneous
abortion, insufficient information was available to
allow us to draw conclusions. Other risk factors
in this population are surrogate markers of
exposure to infectious agents, including low
socioeconomic status, substance abuse, and a
history of other sexually transmitted diseases.
Acute chorioamnionitis is a major risk factor
for preterm labor and preterm birth due to
increased production of cytokines, prostaglandins
and metalloproteinases5. Sebire and co-workers6
postulated that localized inflammation of the
decidua and chorion without amniotic involve-
ment is actually the leading cause of second-
trimester loss due to activation of cytokines
merely by choriodecidual inflammation. Thus
identification of acute chorioamnionitis and the
causative organism is of clinical importance.
Chorioamnionitis is often only present focally
on histologic examination, and if the area of
inflammation is not sampled, it may be missed. In
these cases, it has been our experience that acute
inflammatory cells in the fetal lungs may then be
the only clue to diagnosis of an ascending infec-
tion. Of the 25 cases for which fetal tissue was
available, we found that in 20 cases PMNs were
present in fetal air spaces. It has been suggested
that the presence of acute inflammatory cells in
the fetal lungs is due to aspiration of inflammatory
cells in the amniotic fluid, and thus does not repre-
sent a true fetal infection. However, Scott and
co-workers7 showed that 70–80% of PMNs in
the air spaces of five male fetuses contained the
Y-chromosome. It is generally considered that
thepresenceofPMNsinthefetallungisindicative
of a fetal inflammatory response, and probably
fetal infection. Although the fetus does not have
thecapacitytomountafullimmunologicresponse
to infection, it is interesting to note that the ability
of the fetus to respond immunologically to infec-
tion is present to some degree prior to the age of
viability. This is particularly important in view
of the recent literature on the fetal inflammatory
response and its association (through the release
of cytokines and inflammatory mediators) with
cerebral palsy in preterm infants8.
Our series had a high percentage of patients
with a history of spontaneous and elective
abortions, and many patients had experienced
recurrent reproductive losses. It has been shown
that both prior induced abortions and, more
importantly, prior spontaneous abortions are risk
factors for a subsequent second-trimester loss9.
Subclinical infection may persist, and this may
lead to recurrent loss. Therefore identification of
the organisms that are present at the first loss may
be helpful in preventing future losses. Reinfection
is another possibility, given the high incidence of
sexually transmitted disease in this population.
However, etiologies for recurrent second-
trimester loss are often different to those for initial
second-trimester losses. Drakely and co-workers10
studiedagroupofwomeninLiverpoolwithrecur-
rent second-trimester loss. In 50% of cases no
etiology was found, and 33% of cases were asso-
ciated with antiphospholipid syndrome. Only 3%
of patients were considered to have a possible
infectious etiology, none of whom had chorio-
amnionitis at the time of the delivery. There
were several limitations to this study. First, it was
a retrospective review of records and pathologic
material. Secondly, a full work-up was not
performed on each case without acute
chorioamnionitis.
In summary, our study has confirmed that acute
chorioamnionitis is significantly associated with
second-trimester pregnancy loss, and that it is
particularly prevalent at this inner-city hospital.
This may be due to the high incidence of risk
factors in this population. Special stains for micro-
organisms, such as the Gram stain and the
Warthin–Starry stain, can be helpful for ascertain-
ing the causative organisms. However, GMS is
probably not helpful in the evaluation of these
cases. Tissue sections included both fetal and
maternal surfaces. The positive staining of
organisms corresponded to areas of inflammatory
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the membranes or the chorionic plate, and
thus does not represent overgrowth of organisms,
whichwouldlackaninflammatorytissueresponse.
Some of the cases with inflammation did not
have organisms identified by the special stains,
highlighting the value of performing cultures as
well.
The question arises as to whether anything
can be done to improve outcomes in this popula-
tion. Sebire6 stated that no screening methods
are currently available to detect all cases of acute
chorioamnionitis and choriodecidual inflamma-
tion. Although this may indeed be the case,
certainly adequate prenatal care and healthy life-
style choices are likely to reduce this problem
significantly until the interaction of cytokines and
other mediators with preterm labor and delivery
is better understood. In addition to the psycho-
logical impact of pregnancy loss, the large number
of patients requiring intervention for retained
placenta constitutes a significant health risk.
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